The electronic version of this article is the complete one and can be found at: <http://f1000.com/prime/reports/m/5/42>

Introduction {#s01}
============

With the aging of the population and the steep association of stroke risk with age ([Figure 1](#fig-001){ref-type="fig"}), the numbers of patients with stroke are expected to increase dramatically. A recent policy statement from the American Heart Association \[[@bib-001]\] forecasts the following for the US: "Between 2012 and 2030, real (2010\$) total direct annual stroke-related medical costs are expected to increase from \$71.55 billion to \$183.13 billion. Real indirect annual costs (attributable to lost productivity) are projected to rise from \$33.65 billion to \$56.54 billion over the same period. Overall, total annual costs of stroke are projected to increase to \$240.67 billion by 2030, an increase of 129%".

![The steep increase in risk of stroke with age\
The annual risk of stroke per 100,000 people increases from approximately 35 at age 35 to 1,100 by age 80. Based on data from \[[@bib-099]\].](medrep-05-42-g001){#fig-001}

Our hospitals and health-care systems will be overwhelmed with stroke patients unless we can prevent this situation. It is therefore crucial for physicians to be able to do an excellent job in stroke prevention -- not just a formulaic attempt to prescribe the medications recommended by consensus guidelines, but a thoughtful job of identifying the underlying cause of the impending stroke and achieving control of all the risk factors.

When a patient presents to my urgent transient ischemic attack (TIA) clinic, I say "This is a very important situation, and it is crucial that we get everything right. If we don't do anything, your risk of another stroke in the next three years is around 30% to 40%, but if we get everything right, we can reduce that risk by 80% or more. Unfortunately, the two most important things we can do are things you need to do for yourself: quit smoking and learn to follow the Mediterranean diet from Crete. So we need to work together here". It is for that reason that I wrote the book: *How to Prevent Your Stroke* \[[@bib-002]\].

Getting everything right is a tall order, but is crucial. Hackam and Spence \[[@bib-003]\] estimated that the combination of all the available options for stroke prevention would reduce the risk of recurrent stroke by 80%. [Table 1](#tbl-001){ref-type="table"} shows the results of that analysis, with stroke prevention strategies ranked in order of importance. In the absence of indications for anticoagulation or endarterectomy, the top two interventions that apply to all patients are diet and smoking cessation. In this review, I will focus on lifestyle change, blood pressure control, lipid-lowering therapy, appropriate use of antiplatelet agents and anticoagulants, appropriate carotid endarterectomy or stenting, and a strategy that I call "treating arteries instead of risk factors".

###### Rank of stroke prevention strategies in order of importance

![](medrep-05-42-t001)

  Strategy                  Risk reduction
  ------------------------- ----------------
  Dietary modification      44%
  Smoking cessation         36%
  Exercise                  28%
  Aspirin                   22%
  Statins                   21%
  Antihypertensives         21%
  Glycemic control          19%
  Special cases             
   Carotid endarterectomy   48%
   Oral anticoagulants      45%

Based on results of meta-analyses, as reviewed by Hackam and Spence \[[@bib-003]\] in 2007.

Lifestyle change {#s02}
================

The importance of lifestyle is vastly underestimated by most physicians. In the US Health Professionals study \[[@bib-004]\], participants who adhered to all five healthy lifestyle choices had an 80% reduction of ischemic stroke compared to those who adhered to none. The healthy choices were not smoking, maintaining a healthy weight, moderate exercise, modest alcohol consumption, and scoring in the top 40% of a healthy diet score.

Diet {#s03}
----

Too often, specialist physicians see this as the job of the dietitian, the family doctor, or some other health-care provider. The problem with saying "you need to see a dietician", without any further discussion of the importance of diet, is that the message received is "the doctor doesn't think this is very important". It is important for the physician to at least begin the conversation about diet, emphasizing its importance. In my clinic, I give out a booklet summarizing dietary recommendations, with recipes taken from my book for the public \[[@bib-002]\]. I recently reviewed nutrition in stroke prevention \[[@bib-005]\].

Weight control {#s04}
--------------

The arithmetic of weight control is simple: to lose a pound, the patient must either burn up or forego eating 3,500 calories. Walking a mile only burns 100 calories, so to lose a pound a patient either needs to walk 35 miles or cut out 500 calories a day for a week. To lose 50 pounds would require walking 1,750 miles or cutting out 500 calories a day for a year. This means that it is much easier to lose weight by reducing calorie intake than by exercising; of course, a combination of exercise and calorie restriction is better because exercise improves insulin resistance. Patients need to know the calorie values of the foods they consume and to avoid foods that are very high in calories -- they need to eat more low-calorie food and less high-calorie food. The Mediterranean diet, described below, is helpful in this regard. This is illustrated in [Figure 2](#fig-002){ref-type="fig"}. Some patients may require bariatric surgery, which can be lifesaving for morbidly obese people.

![The calorie clock\
Patients who need to lose weight should eat more fruits and vegetables and whole grains and less fat-containing food such as meat, cake, pie, and ice cream. A large store-bought muffin contains about 450 calories; a small low-fat muffin contains 200. There are 10 calories in a single potato chip, 7 in a peanut, and 15 in a cashew. Green leaves have virtually no calories, because we cannot digest cellulose. Fat contains nearly twice as many calories per gram as protein or carbohydrates -- about 25 calories in a teaspoon of sugar, and nearly 50 in a teaspoon of fat -- even good, healthy olive oil. Reproduced with permission from Vanderbilt University Press \[[@bib-002]\].](medrep-05-42-g002){#fig-002}

Mediterranean diet {#s05}
------------------

Ancel Keys, the leader of the Seven Countries Study, described the Cretan Mediterranean diet as follows: "The heart of this diet is mainly vegetarian, and differs from American and northern European diets in that it is much lower in meat and dairy products and uses fruit for dessert" \[[@bib-006]\]. In the Lyon Diet Heart study \[[@bib-007]\], this diet reduced strokes and coronary events by more than 60% in 4 years compared to a "prudent Western diet", amounting to the National Cholesterol Education Program step 1 diet. I suspect the results were disbelieved because they seemed too good to be true and because they were achieved without a reduction in fasting levels of low-density lipoprotein (LDL) cholesterol \[[@bib-008]\]. However, diet is not about fasting cholesterol levels; it is about the post-prandial state, and dietary cholesterol is harmful, even though it does not much increase fasting LDL levels. For about 4 hours after a high-cholesterol meal, there is increased oxidative stress, vascular inflammation, impaired endothelial function, and nearly a 40% increase in oxidation of LDL cholesterol \[[@bib-009]\]. The benefit of the Mediterranean diet was recently confirmed in a primary prevention study in Spain \[[@bib-010]\]. In that study, in a high-risk primary prevention setting, a Mediterranean diet reduced the risk of major cardiovascular events (stroke, myocardial infarction, or death from cardiovascular cause) by 30%. It is possible that similar benefits might be obtained by following a vegetarian diet. A British study showed a 32% lower risk among vegetarians compared with a usual (unhealthy) diet; a study in Seventh Day Adventists \[[@bib-011]\] showed that a vegetarian diet reduced ischemic heart disease by 19% and cardiovascular disease by 13%. A key issue, particularly with the epidemic of obesity and diabetes, is that the Israeli diet study \[[@bib-012]\] comparing a low-carbohydrate versus a low-fat versus a Mediterranean diet showed very convincingly that the Mediterranean was the best for diabetes and insulin resistance. In that study, which achieved excellent adherence over the course of 2 years, weight loss was virtually identical on the Mediterranean diet and the low-carbohydrate diet and was significantly better on both than with the low-fat diet. Furthermore, in my experience, the Mediterranean diet is a much easier change for most North American patients, and there have been no head-to-head comparisons of a Cretan Mediterranean diet versus a vegetarian or vegan diet. For all these reasons, I recommend the Mediterranean diet for stroke prevention.

Egg yolks increase carotid plaque burden by approximately 60%, as much as smoking does \[[@bib-013],[@bib-014]\]. Part of the reason is probably the very high cholesterol content: a single large (65 g) egg yolk contains 237 mg, more than the 210 mg in a Hardee's Monster Thickburger (which contains 12 ounces of beef, three slices of cheese, and four slices of bacon) and more than the recommended limit of dietary cholesterol of less than 200 mg/day. Obviously, the burger, with a high content of saturated fat, is worse than the egg yolk. However, the recommended daily intake of cholesterol for patients at risk of vascular disease is less than 200 mg/day \[[@bib-015],[@bib-016]\]. Consequently, the egg yolk, with its 237 mg of cholesterol and 250 mg of lecithin, should be avoided by patients at risk of vascular disease. It turns out, however, that it is not only the cholesterol in egg yolk that is harmful. Hazen's group showed, first in an animal model \[[@bib-017]\] and then in patients referred for coronary angiography \[[@bib-018]\], that phosphatidylcholine (lecithin) is converted by the intestinal flora to trimethylamine. Trimethylamine is oxidized in the liver to trimethylamine n-oxide (TMAO), which caused atherosclerosis in their mouse model \[[@bib-019]\], and markedly increased the risk of major cardiovascular events in patients referred for coronary angiography \[[@bib-018]\]. Egg yolk consumption increases the risk of diabetes \[[@bib-020]\] and, in diabetics, markedly increases cardiovascular risk \[[@bib-021]\].

Taking all this into account, the best diet for stroke prevention, and the best diet for diabetics and pre-diabetics \[[@bib-012]\], is the Cretan Mediterranean diet. This is a diet that is high in beneficial oils (olive and canola), whole grains, fruits, vegetables, lentils, beans, and nuts and much lower in cholesterol and animal flesh than most North Americans are used to. The intake of animal flesh should be kept to approximately 2 ounces per day or 4 ounces every other day, and egg yolks should be avoided. I encourage patients to make a nice tasty omelet or frittata with egg whites or, what I think is more enjoyable, egg substitutes such as Better'n Eggs, Egg Beaters or Egg Creations.

Smoking cessation {#s06}
-----------------

The threat posed by a recent TIA or stroke presents a special "teachable moment" for smokers who may not previously have been ready to quit. Burt *et al*. \[[@bib-022]\] showed that, in the setting of recent myocardial infarction, 70% of smokers could be persuaded to quit. I use a parable borrowed from a *Lancet* article on weight loss \[[@bib-023]\]: "Yes, quitting smoking is very difficult. It doesn't matter; it has to be done. If you are walking along the lakeshore and one of your grandchildren is drowning, it doesn't take will power to go into the lake; it just has to be done. Smoking increases your risk of stroke six-fold, and quitting smoking is the most important thing you can do to reduce your risk, so it just has to happen" \[[@bib-002]\].

It is crucial to show the patient that you understand how difficult it is to quit, that you are on the patient's side, and that there are things you can offer that will help. Many patients (and many physicians) are under the impression that nicotine replacement is hazardous; however, continuing to smoke is much more hazardous. Patients need permission to use as much nicotine replacement as it takes. A 21 mg nicotine patch delivers about as much nicotine as smoking half a pack of cigarettes a day, so some patients may need two patches at first, and in addition they can use nicotine gum, nicotine spray, or nicotine inhaler (or a combination of these) in as large a quantity as it takes to deal with the addiction.

Medications such as bupropion and varenicline are helpful in combination with nicotine replacement. Varenicline is probably more effective than bupropion, but the latter might be more appropriate for patients with a history of depression. Counseling will improve quit rates; many hospitals have implemented the Ottawa Model \[[@bib-024]\]. The excellent chapter by Pipe in my recent book with Henry Barnett \[[@bib-025]\] is a helpful reference on smoking cessation.

Blood pressure control {#s07}
======================

Despite fairly strenuous efforts of national bodies dedicated to blood pressure control, many patients with hypertension -- about half -- remain uncontrolled \[[@bib-026]\]. Among patients receiving treatment for hypertension, 90% of strokes occur in patients with resistant hypertension \[[@bib-027]\]. Hypertension contributes to atherosclerosis, but with regard to stroke, the main effect of high blood pressure *per se* is that it directly causes strokes due to small vessel disease. Hyaline degeneration and fibrinoid necrosis cause lacunar infarction when arterioles occlude and cause intracerebral hemorrhage when they rupture. These events occur at the base of the brain, in a territory that Hachinski \[[@bib-028],[@bib-029]\] called the vascular centrencephalon, which is the ancient part of the brain where short straight arteries with few branches transmit high pressure straight through to the resistance vessel. The cortex is supplied by long arteries with many branches, like a step-down transformer. This is why lacunar infarctions and intracerebral hemorrhages occur in the basal ganglia, internal capsule, brainstem, and cerebellum \[[@bib-030]\]. Controlling hypertension virtually eliminates these strokes but has little effect on strokes due to large artery disease, as we found through an experiment of nature in London, Ontario \[[@bib-031]\].

There are three main causes of resistant hypertension: non-compliance, consumption of substances that aggravate hypertension (such as sodium, licorice, decongestants, non-steroidal anti-inflammatory drugs, and alcohol in excess), and secondary hypertension. The only non-steroidal anti-inflammatory drug that does not raise blood pressure is sulindac \[[@bib-032]\].

A major preventable cause of stroke is undiagnosed causes of low-renin hypertension due to salt and water retention. This is a particular problem for African-Americans. Howard *et al*. \[[@bib-033]\] found that black patients were less likely to have their blood pressure controlled despite a higher rate of diagnosis, higher rates of treatment, and more intensive therapy.

I have suggested that appropriate attention to this issue could virtually eliminate the nearly twofold excess of stroke in black patients \[[@bib-034]\]. Although it is well known that black patients are more likely to have low and suppressed levels of plasma renin activity and are more likely to retain salt and water \[[@bib-035]\], there is insufficient attention to the reasons for this phenomenon. Primary aldosteronism accounts for approximately 20% of resistant hypertension \[[@bib-036]\], which is increasingly being recognized as familial and largely due to bilateral adrenocortical hyperplasia \[[@bib-037]\], and therefore is primarily treated medically \[[@bib-038]\]. The preferred therapy is aldosterone antagonists, not only for reasons of blood pressure control but because aldosterone directly harms the arteries and the heart \[[@bib-039]\].

Black people are more likely to have adrenocortical hyperplasia \[[@bib-040]\] and primary aldosteronism \[[@bib-041],[@bib-042]\]. Variants of Liddle's syndrome, a renal tubular sodium channel mutation that causes salt and water retention, accounted for 5% of hypertension in black people in the UK \[[@bib-043]\], 6% of hypertension in black people in South Africa (and 20% of the Khoi San people of the Kalahari) \[[@bib-044]\], and 6% of patients attending a Veterans Administration clinic in Louisiana \[[@bib-045]\]. The specific therapy for Liddle's variants is amiloride. For all these reasons, the algorithm shown in [Table 2](#tbl-002){ref-type="table"} is extremely helpful in bringing resistant hypertension under control, particularly in black patients.

###### Physiologically individualized therapy for resistant hypertension

![](medrep-05-42-t001)

  Physiologic driver   Primary aldosteronism                                                                   Liddle's variants                   Renal renovascular
  -------------------- --------------------------------------------------------------------------------------- ----------------------------------- -------------------------------------------------------------------------------------------
  Renin                Low                                                                                     Low                                 High
  Aldosterone          High                                                                                    Low                                 High
  Primary therapy      Aldosterone antagonists (spironolactone, eplerenone) or amiloride where not available   Amiloride is the specific therapy   Angiotensin receptor antagonists, renin inhibitors[^a^](#fn_tbl-001){ref-type="table-fn"}
                       Rarely surgical                                                                                                             Rarely surgical

After rare causes such as pheochromocytoma, coarctation of the aorta, and licorice consumption are eliminated, most causes of hypertension, and their appropriate therapy, can be identified by measuring plasma renin activity and aldosterone, in a stimulated condition \[[@bib-100]\], and interpreting them correctly in light of the medications being taken at the time of the measurement \[[@bib-101],[@bib-102]\].

^a^Angiotensin-converting enzyme inhibitors are less effective at blocking secondary hyperaldosteronism, because of escape pathways for formation of angiotensin II; a major part of their mechanism of action is blocking the breakdown of bradykinin, with resultant increases in nitric oxide. In a way, they can be thought of as similar to long-acting nitrates.

Lipid-lowering therapy {#s08}
======================

The benefit of lipid-lowering drugs in stroke prevention is much underestimated by consideration of only the 16% reduction of stroke in the intention-to-treat analysis of the Stroke Prevention by Aggressive Reduction in Cholesterol Levels (SPARCL) trial \[[@bib-046]\]. That analysis included all stroke subtypes, many of which were lacunar, and many patients randomized to placebo crossed over to statin therapy. Among patients in that study with carotid stenosis, strokes were reduced by around 33%, major coronary events by 43%, and carotid revascularization by 56% \[[@bib-047]\]. As discussed below, more intensive therapy, often including ezetimibe, reduced stroke and myocardial infarction by an even higher proportion in patients with asymptomatic carotid stenosis, followed in a prospective cohort study \[[@bib-048]\].

Whereas a young patient with normal carotid arteries and a stroke due to paradoxical embolism or hypertensive small vessel disease might not benefit much from statins, virtually all older patients with stroke should be treated with statins, in addition to the Mediterranean diet. Statins should not be regarded as a substitute for diet.

There are important issues of persistence with statin therapy. After 3 years, fewer than half of patients prescribed statins are still taking them. In many cases, this is because of symptoms or concerns wrongly attributed to statins by either the patient or the physician. Statins probably do not cause hepatotoxicity \[[@bib-049],[@bib-050]\], renal impairment \[[@bib-051]\], cognitive decline \[[@bib-052]\], or intracerebral hemorrhage \[[@bib-053]\]. The causally related adverse effects -- myalgia/myopathy and aggravation of diabetes -- are probably due to mitochondrial dysfunction \[[@bib-054]\] caused by depletion of ubiquinone (coenzyme Q10 or CoQ10) among patients genetically predisposed by disorders of mitochondrial function \[[@bib-055],[@bib-056]\]. CoQ10 is synthesized from one of the intermediary metabolites in the pathway from mevalonic acid to cholesterol \[[@bib-057]\] and thus depletion of CoQ10 is due to inhibition of HMG CoA reductase. Sufficiently high doses of CoQ10 (and perhaps L-carnitine) can often help patients stay on at least a low dose of statin, and adding ezetimibe can make up for the low dose.

There are also important issues of avoidable drug interactions with statins. Simvastatin and lovastatin, because they are 95% metabolized in the intestinal wall by CYP3A4, are susceptible to huge interactions, with 20-fold or greater increases in blood levels \[[@bib-058]-[@bib-061]\], not only with grapefruit but with many drugs, so these two statins should be avoided. A case of rhabdomyolysis 4 days after a woman began eating one grapefruit daily \[[@bib-062]\] makes it clear that, contrary to some invalid statements in the literature and in pharmaceutical advertising, large quantities of grapefruit are not required for this effect. A single glass of regular grapefruit juice has an effect similar to that of higher doses of grapefruit \[[@bib-060]\]. Atorvastatin levels are only doubled by this mechanism \[[@bib-063]\], and rosuvastatin and pravastatin are not affected.

Appropriate use of antiplatelet agents and anticoagulants {#s09}
=========================================================

The commonest mistake I see in the management of patients with threatened stroke is a misplaced focus on the dose of aspirin or the choice of antiplatelet agent. Antiplatelet agents are important, but they only reduce the risk of stroke by approximately 25% and probably only prevent strokes due to embolization of white thrombus ([Figure 3](#fig-003){ref-type="fig"}). Low-dose aspirin is more effective than high-dose aspirin \[[@bib-064]\], probably because only a very low dose of aspirin is needed to permanently inactivate thromboxane in circulating platelets (they cannot recover, because they have no nucleus), but higher doses of aspirin prolong the inhibition of endothelial prostacyclin. Clopidogrel alone is only marginally better than aspirin (it reduced stroke by only 1.7% more than did aspirin in the Clopidogrel versus Aspirin in Patients at Risk of Ischemic Events \[CAPRIE\] trial \[[@bib-065]\]), and combined aspirin/dipyridamole is no better than clopidogrel \[[@bib-066]\]. However, the combination of aspirin and clopidogrel appears to be making a comeback; it is better than either is alone for coronary disease, and combined aspirin and clopidogrel is better than aspirin alone for patients with intracranial stenosis \[[@bib-067]\] and for patients with transcranial Doppler microemboli \[[@bib-068]\]. Recent evidence indicates that the combination of clopidogrel and aspirin is more efficacious for secondary stroke prevention than aspirin alone, with a reduction of stroke by 32% and no increase in major hemorrhage \[[@bib-069]\]. New antiplatelet agents that are soon to be available may improve on existing agents but are still unlikely to prevent more than a quarter of strokes.

![White thrombus\
White thrombus, consisting of platelet aggregates, is the target of antiplatelet therapy. I have been present on two occasions when patients had episodes of amaurosis fugax and so was able to observe by ophthalmoscopy the white thrombus oozing through the retinal arteries. As the white thrombus clears, the vision returns, sometimes in vertical or horizontal hemispheres, or in quadrants, as blood flow is restored to each main branch of the retinal artery. To the best of my knowledge, this phenomenon was first described by C. Miller Fisher; a patient who had amaurosis fugax was observed by many participants in Grand Rounds, taking turns with the ophthalmoscope. Reproduced with permission from Vanderbilt University Press \[[@bib-002]\].](medrep-05-42-g003){#fig-003}

Patients at risk of cardioembolic stroke should be anticoagulated (if at all possible) because antiplatelet agents are not anticoagulants. This issue is increasingly important because, with better control of blood pressure and more intensive statin therapy, strokes due to small-vessel disease and large artery disease have declined in the past 10 years, and consequently the proportion of cardioembolic strokes has doubled to 40% to 50% of causes of ischemic stroke \[[@bib-070]\]. Red thrombus that forms in the setting of stasis in the atrial appendage of a fibrillating left atrium, in a ventricular aneurysm or dyskinetic ventricular segment, or in a deep vein, with a potential to embolize via a right-to-left passage such as a patent foramen ovale, requires anticoagulants \[[@bib-071]\].

In atrial fibrillation, anticoagulation is three times as effective as aspirin \[[@bib-072]\]. Dual-antiplatelet therapy adds very little: the addition of clopidogrel to aspirin reduced stroke by only 0.67% \[[@bib-073]\], giving a number needed to treat of 149!

Under-anticoagulation of patients with atrial fibrillation is a huge issue \[[@bib-074],[@bib-075]\]. Physicians tend to overestimate the risk of falls in older patients and do not recognize that these patients benefit even more from anticoagulation than do younger patients \[[@bib-072]\]. Physicians also tend to overestimate the risk of bleeding, particularly with the new oral anticoagulants (NOAs). The highest risk of major bleeding with warfarin in real-world practice is in the first 30 days of therapy and is much higher than with NOAs in the clinical trials. NOAs actually do not increase the risk of major bleeding compared to antiplatelet agents, and have a much lower risk of intracerebral hemorrhage than does warfarin.

It is probably impossible to use warfarin well; even in carefully controlled clinical trials, patients spend only about 60% of the time in the target range of international normalized ratio (INR). Reasons for this difficulty include genetic variants affecting both warfarin metabolism and its pharmacodynamic effect \[[@bib-076]\], drug interactions, effects of dietary variation, and changes in intestinal flora that produce vitamin K \[[@bib-077]\]. Fortunately, several NOAs that are at least as efficacious as warfarin, and substantially safer, are now available. High cost, renal excretion (limiting use in patients with renal failure), and concerns about irreversibility of the anticoagulation are some of the reasons why these agents have not yet replaced warfarin entirely. New ones are on the way, as are antidotes to stop bleeding.

The attributable risk of stroke from atrial fibrillation rises steeply with age: from 1.5% at age 50 to nearly 25% at age 80 \[[@bib-078]\]. The true risk in the elderly is probably even higher, as atrial fibrillation is often missed by routine Holter recordings. The Event Monitor Belt for Recording Atrial Fibrillation After a Cerebral Ischemic Event (EMBRACE) study \[[@bib-079]\] showed that, among patients with cryptogenic stroke and a negative baseline Holter recording, a repeat 24-hour Holter only showed atrial fibrillation in 3% of patients, whereas a month-long recording detected atrial fibrillation in 16%.

Besides requiring anticoagulants, patients with cardioembolic stroke may require vitamin B~12~. Metabolic B~12~ deficiency also increases steeply with age and is not recognized, because the serum B~12~ level may be in the "normal" range; measurement of methylmalonic acid or total homocysteine is required to confirm the adequacy of B~12~ in patients with low-normal serum B~12~ levels (in Europe, measurement of holotranscobalamin is an option but this is rarely available in North America). In patients attending a stroke prevention clinic, B~12~ deficiency was present in 12% of those aged less than 50, 13% of those aged 50 to 71, and 30% above age 71. Now that the US and Canada have folic acid fortification of the grain supply, B~12~ is the main dietary determinant of elevated plasma total homocysteine (tHcy), a clotting factor that quadruples the risk of stroke in atrial fibrillation \[[@bib-080]\]. In patients attending my stroke prevention clinic, the proportion with elevated tHcy rises from approximately 20% at age 40 to 40% at the age of 80 or over \[[@bib-081]\].

Contrary to popular belief (resulting from overly simplistic interpretation of clinical trial results), vitamin therapy to lower homocysteine does reduce the risk of stroke \[[@bib-082],[@bib-083]\]. In older patients with atrial fibrillation, elevated tHcy due to B~12~ deficiency is an important treatable cause of increased thrombosis and elevated risk of stroke.

Appropriate carotid endarterectomy or stenting {#s10}
==============================================

Carotid endarterectomy is clearly beneficial for symptomatic carotid stenosis \[[@bib-084]\] and should be performed soon after the TIA or minor stroke to provide the greatest advantage \[[@bib-085]\]. Carotid stenting may be indicated for some cases of symptomatic carotid stenosis -- patients presenting difficulties for surgery such as a high bifurcation, previous surgery in the region with excess scarring, previous irradiation, and patients at high risk for surgery because of conditions such as pulmonary or cardiac disease. However, compared with endarterectomy, stenting carries twice the risk of stroke; so for most patients, endarterectomy is preferable \[[@bib-086]\]. Although the risk of symptomatic stenosis on medical therapy will have declined with modern medical therapy, it is still probable that endarterectomy will benefit patients with symptomatic carotid stenosis. Based on the North American Symptomatic Carotid Endarterectomy Trial (NASCET), the number needed to treat to prevent one stroke in 2 years was only 6 for younger patients and only 3 for patients over age 75; in contrast, the number needed to treat to prevent asymptomatic stenosis in 2 years was 86 \[[@bib-087]\]. Most patients with asymptomatic carotid stenosis will not benefit from endarterectomy or stenting, because with intensive medical therapy the annual risk of stroke or death with medical therapy is now approximately 0.5%, which is well below the risk of surgery or stenting \[[@bib-048],[@bib-088],[@bib-089]\]. In the Carotid Revascularization Endarterectomy versus Stenting Trial (CREST) \[[@bib-090]\], the procedural (30-day) risk of stroke or death for asymptomatic patients was 2.5% for stenting and 1.4% for endarterectomy; the 4-year risk was 4.5% with stenting and 2.7% with endarterectomy. In the real world, risks are much higher. The 2011 report of Wang *et al*. \[[@bib-091]\] documents 1-year risks of stroke or death of 16.7% for stenting and 11% for endarterectomy in Medicare patients.

Routine stenting of patients with asymptomatic carotid stenosis, all too often for reasons that do not bear scrutiny \[[@bib-092]\], is therefore to be deplored \[[@bib-086],[@bib-093]\]. Unfortunately, in the United States, there is a national disgrace: as many as 95% of carotid interventions are for asymptomatic stenosis \[[@bib-091]\]. A problem unique to the US is the widespread application of carotid stenting by cardiologists, who have no legitimate role in the treatment of this condition. I suspect that part of the problem is the failure of cardiologists to appreciate the effectiveness of the Circle of Willis. Carotid endarterectomy is not about increasing blood flow to the brain; it is about preventing emboli \[[@bib-094]\]. It is to be hoped that the CREST-2 trial, recently funded, may help put an end to this situation.

The small proportion of patients with asymptomatic stenosis who can benefit from endarterectomy (around 10%) can be identified by the presence of microemboli on transcranial Doppler \[[@bib-095],[@bib-096]\], by the presence of three or more carotid ulcers on three-dimensional ultrasound, and perhaps by intraplaque hemorrhage on magnetic resonance imaging or by plaque inflammation on positron emission tomography/computed tomography. Although the studies showing that microemboli were associated with markedly higher risk among asymptomatic patients included some patients with a remote history of TIA, the NASCET study showed that among patients randomized to medical therapy, the risk declined rapidly to that of patients randomized to surgery \[[@bib-084]\]. With modern medical therapy, a remote history of TIA (beyond 18 months in the past) can reasonably be regarded as equivalent to asymptomatic stenosis. In future, we should have several ways to appropriately identify the very small fraction of asymptomatic patients who can benefit from intervention. However, it is clear that they all require intensive medical therapy and that intensive medical therapy is very effective.

Treating arteries instead of risk factors {#s11}
=========================================

A new strategy, "treating arteries instead of targeting risk factors" \[[@bib-097]\], may improve stroke prevention once it is justified by randomized trials. This approach was based on the recognition that treating patients according to consensus guidelines was failing half of them: half the patients in a study of carotid plaque burden had progression despite treatment, and those with progression of plaque had twice the risk after adjusting for coronary risk factors \[[@bib-098]\]. Intensive treatment of patients with a high plaque burden, and more intensive treatment of those with progression, reversed the proportions with progression/regression from 50:25 to 25:50 \[[@bib-097]\] and markedly reduced the risk of patients with asymptomatic carotid stenosis. The 2-year risk of stroke dropped from 8.8% to 1%, and the 2-year risk of myocardial infarction from 7.6% to 1% \[[@bib-048]\].

Conclusions {#s12}
===========

Intensive medical therapy is extremely effective and will be required to stave off the impending tsunami of stroke. Smoking cessation, a Mediterranean diet, blood pressure control individualized to the cause of the hypertension, appropriate use of antiplatelet agents and anticoagulants, and appropriate endarterectomy are all important. Our patients deserve no less.
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